Bacteria-and virus-containing aerosols were studied during the late summer and fall seasons in a midwestern suburb of the United States before and during the start-up and operation of an unenclosed activated sludge wastewater treatment plant. The study showed that the air in this suburban area contained low-level densities of indicator microorganisms. After the plant began operating, the densities of total aerobic bacteria-containing particles, standard plate count bacteria, total coliforms, fecal coliforms, fecal streptococci, and coliphages increased significantly in the air within the perimeter of the plant. Before plant operations, bacteria were detected from five genera, Klebsiella, Enterobacter, Serratia, Salmonella, and Aeromonas. During plant operations, the number of genera identified increased to 11. In addition to those genera found before plant operations, Escherichia, Providencia, Citrobacter, Acinetobacter, Pasteurella, and Proteus, were also identified. Enteric viruses were detected in low densities from the air emissions of this plant. Only standard plate count bacteria remained at significantly higher than base-line densities beyond 250 m downwind from the center of the aeration tanks. Fecal streptococci and coliphages appeared to be more stable in aerosols than the other indicator microorganisms studied. In general, the densities of microorganism-containing aerosols were higher at night than during the day. The techniques used in this study may be employed to establish microorganismcontaining aerosol exposure during epidemiological investigations.
Aerosols that contain microorganisms are generated through natural processes. Such microorganism-containing aerosols occur widely in nature and are generated in the oceans by wave action (5, 6) and on the land when wind suspends decaying vegetative debris through soil erosion (24) . Microorganism-containing aerosols are reportedly capable of very long-range transport (6) . Some of these aerosols can contain microorganisms pathogenic to humans as well as to agricultural livestock and crops.
Many other sources of microorganism-containing aerosols are, however, generated through human activities in both urban and rural areas (8, 9) . Population growth in urban areas has increased the density of domestic wastes which must be disposed of in a safe and environmentally sound manner. Consequently, expansion of existing waste treatment or utilization facilities is necessary. Some of these facilities have, however, been shown to emit microorganism-containing aerosols under certain conditions. Sewage treatment plants (1, 20) , sanitary landfills and resource recovery systems (17) , and compost operations (18) , for example, have all been considered as potential sources of airborne infectious microorganisms. Because of economic, environmental, or political constraints, some of these facilities are located in densely populated regions of urban or suburban communities. In these cases, a determination of the contribution of the facilities to the microorganism content of the ambient air may allow an evaluation of the potential for adverse health or environmental effects.
One such facility, the O'Hare Water Reclamation Plant, located near the O'Hare International Airport in the City of Des Plaines, Ill., a suburban area northwest of Chicago, was constructed to be operated as part of the regional Metropolitan Sanitary District of Greater Chicago system. The prox-* Corresponding author. imity of this plant to a residential area was the subject of concern for several years because of the potential for exposure of the surrounding population to microbial aerosols emitted from the plant. The purpose of this study was to determine the contribution of the newly constructed plant to the base-line microbial aerosol densities that already existed in the vicinity of that plant. The results reported here were part of a larger study of microorganism densities in air at the wastewater treatment plant site (13 Aerosol sampling sites were located at various distances downwind (<150, 150 to 250, and >250 m) or upwind of the center of the aeration tanks. As shown in Fig. 1 observed in the ambient air at the site of the future plant. The nonparametric Mann-Whitney U test was used for determining significance at the P < 0.01 level (22, 23) . Geometric means were weighted by pln, where p was the number of positive observations and n was the total number of observations. This weighting procedure was similar to that described by Snedecor and Cochran (23) .
RESULTS
During the late summer and fall after the plant began operating the sewage flow rates ranged from 56,100 to 183,000 m3/day (14.8 to 48.4 MGD) during aerosol sampling. The average flow rate was 106,000 m3/day (27.9 MGD). A total of 738 assays were performed for TABCP, SPC, TC, FC, FS, and CP organisms among the four sampling locations during the fall seasons of this study. Of the 316 assays performed before plant start-up, 29, 28, 28, and 16% were from the upwind, <150-m-downwind, 150-to 250-m-downwind, and >250-m-downwind locations, respectively. Of the 422 assays performed after the plant was started, 30, 31, 24, and 15% were from those respective locations. Of the 30 EV assays, 12 were performed before and 18 were performed after the plant was started. One-half of these assays were performed from the <150-m-downwind and the upwind locations.
SPC. The geometric mean aerosol densities of SPC bacteria are shown in Table 2 . The downwind densities increased significantly during the night at all downwind sampling locations after the plant began operating. At the <150-m sampling location the increase was from 55 to 1,325 CFU/m3 (P < 0.001), at the 150-to 250-m location the increase was from 65 to 410 CFU/m3 (P < 0.01), and at the >250-m location the increase was from 60 to 262 CFU/m3 (P < 0.01) after the plant began operating. Significant increases were not observed during the daytime at any location.
TABCP. TABCP aerosol densities (Table 2) were generally lower than those observed for the SPC bacteria during plant operation, suggesting that aerosolized particles TC. TC geometric mean densities (Table 3 ) increased significantly (P < 0.01) from 0.27 to 5.17 CFU/m3 at the <150-m location during the night after the plant began operations. During the day, these densities increased from 0.24 to 6.81 CFU/m3. These differences were substantial but were not accepted as significant (P = 0.026). The increases of from 0.18 to 0.57 CFU/m3 during the night and from 0.28 to 0.86 CFU/m3 during the day at the 150-to 250-m-downwind locations were not significant. The densities beyond 250 m downwind and at upwind locations did not increase significantly during either the day or night after plant operations started.
FC. No FC-containing aerosols were detected during either the day or night before the plant began operating. As shown in Table 3 , the densities of these bacteria increased at all downwind locations after the plant began operating. During plant operations, the weighted FC aerosol densities were 0.01 CFU/m3 upwind of the plant during both the day and night. At night the geometric mean densities were 2.09, (Table 3 ) ranged from 0.04 to 0.14 CFU/m3 during the day and from 0.58 to 1.00 CFU/m3 during the night at all downwind locations. After the plant began operations, night densities ranged from 0.86 to 2.07 CFU/m3 at the >250-and <150-m-downwind locations, respectively.
Members of the family Enterobacteriaceae. The diversity of bacterial isolates identified from TC aerosols increased after the plant began operations. Before plant operations, bacteria were detected from five genera: Klebsiella, Enterobacter, Serratiia, Sallmonella, and Aeromonaos. During plant operations, the number of genera identified increased to 11. In addition to those genera found before plant operations, the genera Escherichia, Proi'idencia, Citrobacter, Acinetobacter, Pasteiurella and Proteuis were also identified.
Before plant operations, the genus Enterobacter constituted 80% or more of the bacteria identified from each of the four sampling locations. Enterobaucte,-aiggloinerans was the most frequently identified species at all locations. Other species were identified with extremely low frequency. For example, Klebsiella pneiunoniie, Klebsiella ozaenuze, and Klebsiella oxytoca were each detected with low frequency (on two or fewer occasions) before the plant began operations.
During plant operations, the most frequently isolated genera were Escherichia followed by Enterobacter, Klebsiella, and Citrobacter. Most of these isolates were found in aerosols <150 m downwind of the center of the aeration tanks. A total of 88% of the Klebsiella, 96% of the Escherichia, and 92% of the Enterobacter isolates were identified at downwind locations closer than 250 m. The most frequently isolated Klebsiella species was K. pneulotnioiae, followed by K. oxytoca. Salmonella sp. Before plant operations, one isolate, confirmed as Salmonellai cholerae was detected within 150 m downwind of the center of the future aeration tanks. During plant operations, Sallmonellai sp.-containing aerosols were detected on one occasion at <150 m, and on another occasion Salmnonella paratvphi was identified in samples at 150 to 250 m downwind of the center of the aeration tanks.
CP. The CP aerosol density increased at all sampling locations during plant operations. As shown in Table 4 , the CP geometric mean density increased significantly (P < 0.01) from 5.0 x 10-3 MPN PFU/m3 to 7.3 x 10-2 MPN PFU/m3 at the <150-m-downwind location after the plant began operating. The CP density was also significantly higher at 150 to 250 m downwind after as compared with before starting plant operations. CP densities were highest at the >250-m-downwind locations both before and after starting plant operations at 2.8 x 10-2 and 7.6 x 10-2 MPN PFU/m3. The background density after plant operations began was increased by the high CP density that was observed in the single positive sample. Nevertheless, significant differences could not be accepted using the data analyses procedures employed in this study.
EV The sources of microorganism-containing aerosols are multiple and may include natural processes as well as those produced by human activities. One such activity, that of wastewater treatment, increases the aerosol density of certain microorganisms above those observed in the absence of such a plant. After starting the operation of a wastewater treatment plant, the greatest increases in the densities of SPC, TABCP, TC, FC, FS, CP, and EV were observed at downwind locations closest (<150 m) to center of the aeration tanks. Many of these samples were within a few meters of the edge of the tanks. The densities of all of the microorganisms studied decreased at 150-to 250-m-downwind sampling locations. Although these densities remained above the pre-plant-operation levels, significant (P < 0.01) increases at locations beyond 250 m downwind were only observed for the SPC bacteria.
The occurrence of potentially infectious microbial aerosols per se does not provide evidence of associated health risks. Several studies on the health of populations living near wastewater treatment processes did not demonstrate significant adverse health effects due to exposure to wastewatergenerated microorganism-containing aerosols (20) . These studies, however, all had major limitations that made it difficult to attach significance to either the positive or negative findings. There were low numbers of persons subject to exposure to high doses of microbial aerosols, and the rate of this exposure throughout the population could not be adequately and quantitatively determined (14) . Furthermore, the epidemiology of exposure to microbial aerosols in heterogeneous and mobile communities is largely affected by the secondary exposure rate and by the susceptibility of the population.
The possibility of exposure to higher densities of microbial aerosols in a suburban environment are greater during the night than during the day. These higher densities observed during the night indicate either increased microorganism survival rates or greater atmospheric stability, or both. The data clearly demonstrate that daytime sampling of the environment for microorganism-containing aerosols will result in underestimation of the densities to which a population may be exposed at night. Since the highest ambient airborne microorganism densities occur at night, any efforts to determine maximum exposure rates or to limit or control exposure will be most effective when employed during that time period.
Higher densities of SPC bacteria than of TABCP at downwind locations during plant operations demonstrate the differences of assaying bacteria and bacteria-containing particles. If the particles contain multiple bacteria, enumeration for SPC bacteria will promote disassociation of these organisms. The data suggest that more bacteria were associated with airborne particles during plant operations than before such operations began.
This study documents the first reported isolations of enterovirus-containing aerosols from outdoor secondary wastewater treatment processes. EV were, however, only detected at the <150-m-downwind sampling locations and only at night. Other investigators have reported low-level enterovirus densities around spray irrigation facilities (19, 25) and in enclosed secondary treatment processes (21) . Earlier studies demonstrated that the aerosol density of EV around wastewater treatment processes is very low compared with indicator bacteria and CP and that detection requires sampling methods with high sensitivities (10, 12) .
Both CP (10) and FS (7) have been suggested as possible indicators of the potential for microbial aerosol contamination from wastewater treatment processes. CP, which increased at all downwind locations after plant start-up, have been shown to be more stable than coliform bacteria at distant locations from the source (10) . The CP, f2, was also demonstrated to be more stable than bacteria during treatment with chlorination and were detectable at distances up to 137 m downwind (4) . These CP have also been demonstrated to be more stable in wastewater aerosols than are polioviruses (K. F. Fannin, S. C. Vana, and R. Ehrlich, Abstr. Annu. Meet. Am. Soc. Microbiol. 1981, Q115, p. 219), suggesting that they may survive in aerosols to travel to greater distances than certain EV.
The data from the present study indicate that CP are stable in aerosols. with the highest densities observed at distances of >250 m downwind from an operating wastewater treatment plant. The FS also demonstrated greater stability than the other indicator bacteria at these downwind locations, but showed marked differences in densities between day and night. Although these data support the conclusions that certain FS and CP organisms could be used as indicators of domestic wastewater treatment plant aerosols, the relatively high background densities of FS, especially at night, increase the difficulty in determining the originating source of these bacteria. Whereas the sensitive detection of appropriate indicator organisms do not indicate densities of pathogens, it can measure the potential for airborne contamination and could serve as a measure of exposure for epidemiological studies.
